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1. (a) mfct)K¥m8iz^?z&M,&i-7Zis>'iSii>\'X>mtfv^x7- 

(B) ¥mm2tf0.5=i?u>lUrFV>f i lil£<D?£2<D#V-?-<Dmt. *#A,T* 
& 5 &JB# U v- 7 -< ;bA 0 

2. mmi-7$l<>VUJ\'*>mXV x*xA<tfiiufBSg 2 £>#<J "^-.t >> 
#</^IEO«S»T^-r«.ii*^ l tcfBtt^^l/A,, 

3 . £ 'J xX7 L ;l/Ot5lBS43 5 fctf fJIB^ 2 ©tf U 
v-©tW2»*TO»»!«SiiT**BI«9[ 1 tcfB®<D7-f /l/A„ 

4 . huIB^7 £ U>^*7l/#>KaI?y xXfvl/flDtaiBJlis.fctfmifBSi 2 

5 . HyfB^-7 2 V^^JJ-x^^^OHulBBtsj; t/SijfB^ 2 ©# 'J 

o 

7. ME7-f^i»*^»< t fe— TolRjtC. fro. K7?[qlO*M#\riicD'>*< 

8 . mzi-y$ i<>i;t»v#>m# y xxx^otfiiBefr, mbbss 2 ©* y 

1 0. MfB«^®»r^'>*<^t»o.io«t»)l«^IS^8fciE« 

©^-Ol/Ao 

1 1 . fffle*^B«rSW*M»: < £ feo .20<fc t> iat^ffll^ 8 tE«©7 -r 

1 2 . -f ;1/Afr'>% < i: & fincffi»*nfcffll*« l KiE«c©:7 

1 3. HufB-f7^b>v'*;l/.-}-:>^yxx^;l/fr^y (xfl/Vt7?l/- 
J-) T-S5|g*^HCfBig07-<;l/Ao 



(3) ^mW- 10-511322 

• » 

i 6. m^mz<D^)^-^y^uy^^tsm^m \ sictmcoy-ffr 

1 7. tuiesii2o^jv-#^*^ 

1 8. tmmz<D#V v^^^UX^-UVTfe^fS^HcfB^O^^/I/Ao 

19. fyfBlfl2<D#U V-^^;l/^n^U^-Tfe^Hi^HcI2®0^^;l/ 
A 0 

20. tul2^2^#UV-7b^g7'^Ul— #U**^UU- K Sfcte 

# y * U -^^-Tfe^lS^ai l ;l/A c - - ~ 

2 1. fufSv^;l/Atf N t^-^OimytmiZttLT. ££>100nin 

2 2. IS^Hc|E^7^;l/A^A,T^S^p a Po 
2 3. ^'Jv-7^^T'6ot, 

(A) o .5^ * ci yOTT^^gSS^ ij xxf;l/Olt> 

(B) TOf ^ .5^ ^ □ 2 o,f'J v-^ii:, 
Hui27-r;l/A*^ft< tfc— ^ifijfc, fro, S^fp]^*Mff <D4>ft < t fe 

2 4. IfflEtfUxXTVl/tftfU (7;l/*U>fl/7^l/-h) Tfc^li^2 

2 5. BufeS2fiD#l> ^-^Uxx-r;l/Tfe§iS5Ril2 3Jci5«07^;l/A 

o 

■e**BI*R 2 3 ^IBSE07 ;l/A a 
2 7. EHK^xxx/l/OJl^ 



(4) 
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2 8. Bui2#uxx^;i/OH^cfctfHufES2to^u^— os^n^tttf'j^ 

3 l . M$92 3teK«o:7-r;bA**A/r-fc*»iao 
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o 

*\ g fc t± xt* ft *> 6 urns tc -onrm z> g>mom.is * zsmyt^w? 

-h ( TPENJ ) KZ(D&gkn&L< l±¥&&n<D+7 * U^iSJifoXl/MXV 
^U— hftHOVKO^OffitDSE^&Si^nSWa^-fl: ( Tco-PENJ ) fr£fi£ 

b ( Tpenj ) te£<om?£<om-o>X<J-?-fr<E>l£.K>, ^PtfO.SS^avWT 
-<D#l)v-<DJI < i:0& N '>£< i:*,— 0©35rt©tt£lllLT:*:2t,>JEJfr45*:*r 



(6) l&mW- 10-511322 

B3li. H2^^LfcJB^*^S^l/^T50HPEN/coPEN7Y;l/AaJl03itifl*«r 



04te, J^«t-Wffi#Lfc300JBPEN/coPENa©^**3>eaL — ^->S a. 



. (7) - 10-51 1322 

* • 

0ii33<fcifi2{±^n^n, mmm .6o©»fra©-H*«njff3RK*w-*fi»* 

013«, Eiffel .0©»K«t>O-«iaa«f3fite:«-r*E4t*»ft«O***^ 

0i4, is, fej;t>*i6(i. -i&mmmmuiti-rzmfimffimtzmmffimtiDm 

®AS6^*^LTV>S 0 .... 

So 

021~26fct, *MsW3~6T#*&ftfc£«*©}fe3Sttfli*3*LT 

027~3itt, nmm7~nttzznit&mmyt¥(D%¥&t&*7nLT^z e . 
mm. nfiS0yi2T-#x.e>nfc^e«[©jt^it*^uTv^ o 

034 tt, ISfiStBI 1 4©£»K»0»fc?©7fc¥ttfii* a* L T 1/^3 o 
035a~c&, Hffi09l5T#* &ttfc£B<Itt : ?©y£3*ttffi*^LTV->*,, 
||fifi!g8i©t¥»I&fBiy! 

01a*5<tt>*lbt^L/cJ;3lC, *mWlCl&. 2,6-3l?'Jlfbyt7^b-h ( 

PEN) i2^HO*SSM^-7^l^>->**;l/#>^Uxxx;bi:, JJrSOtfUT-i 

4t*>5>fi)csss@^ ; &-rs^^ , j-v-^-no^-&sn5AV ctuiK&m 

^frFicfctt&fc LTtfflT'fe^o — ttffilRj#>&-ttBE6j©IEHfCtofcoTPEN/ffi 



(8) 
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ft 

t^ot, 7-r;l'AOEiRi73iRit»LTSitft^iRi*Si»-rSo 

jtE^s^iRiKafeiTft*^ »i .64^6*sii .9e«*-pm*-r*. pens.**/-}- 

7^L^-h70/xU-7^U— h30©n^UXX-r;l/ (coPEN) #i£#4S5 :1©B#K 

M-r«a*s®rt«it§i-r«jssf^(DM*02tc^-ro i22k*5^t, tgii©*** 

±Of- PENO«l^lR|(DSST^fc«fctfcoPe©HST^**L, —7a, ±ffld© 
tt&tt* PEN©@#73lRl©S*/r^^S-r 0 PENfciu ^IIX^ * h yl/fSigT'0 .25fr £ 

ffim<z>m *mtazit&£k.ti t -vi*&. m&ztomsMitfcmsifi* rent* 

B8f*©gtf'>a:< fc feO .05. 5ffL< t±0 .20*S*3o 

#t35©(6T lot, £l^©j>£'» «\ 5fc©fUj*L T&*>*>. BfS©#UT— 
Jf\©Jgig, *¥tHiSS©{£"K »«#tt*Ovyf->y©afk, JS#©fci6©A- 
^Xi£^iga©-7-y^>^©S.{k. ©V^-rnAHCioTtB^LTfeit/^o 



(9) 



^s^-£l,ti*. ^V7^;i/S, T^^ym, rw^m. — 

^Jv-JtOtf^Xfc^SJ^PO^ Lt 

»i*i/4««ojp«**rra * * fefc, sft*^Btt«4s»»*®#*E 

I&£PENjl/coPENjf O^O^^te. H©»2*550nm©l/4Kfifc&£cl:fc:Si 
A,J£»fr,> ^SOnmT'fe^o C©50B**6«S«B«\ C 0»*«»C33V^T43J:* 
99A— fevhOiFJSKI*s|8*^L, KiRte«9J£nfcv\> JSiS^i^— ( 
EW3599' fe > h) 5fcSS£:^*r 3 > tf n - ^ ^e-r 6 f# 6 ftfc B3E 

ioo~ b>h) = tvh) 



(10) $£^¥1 0-511322 

• « 

OMOSOBftii* PENJloaB»f*affil'rs«if*< LTB46ft^. 

;l/BSftl^^^f;Vrl/7*l/-h4M*ti&Oxxf;I/*, x^uv^D a 

BB , T«B»f453b^«t J ?-i.59-i.69T£So &-£3A^ C<D3iK'J xX-r;WiPEN 
7*;l/«, Z-tr^v^ 7&\£>Wt. -tr/^>>K. -S*S», rl/7^;« 



(11) 10-511322 

U *^«t*ipjO«i^BB'rsjBSf**^J:^i .59-1 .691»»«3#U*— 
W± ^'JvrOxxf ;^SJS WoTn^'Jxix;^/: tip # y * — # 



(12) 
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WyKj ) o«*v»< <ESfr*o >-h 

«fc ti feitv»«*ct>fc ®ts/- h *<rr*adtt*a»s'- 

ifO/Nn^>t± x ffiSOtfy v-OH^fcp/rll©!^!/ (1.59-1.69) tc$T* 



(13) 
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-?2>m*7xLT^Z» 7*0^x^2-30^ j&I§y:/o i^x >? #-T\ a£*<D* 
— \-y Kl/P^x^-O^iD'Ifg^rLTfctK ±^32*5<fctWl , '\-y 
K34*fll*.T^So W^-y K34«\ 7— A t)±fe32KUD(>t 

fS. ±^32Kt±, ft)gi36, 7tJg36ffl<DSi® (0jr;-t±-f) , tS •klffJ&f'^JfiJgMO 
73lRlt7t^#< fcJ6<DM38<D«fcd^Si^^^g^#*n5 0 fi£*3N— 'S- 
-\y K^a ^x^^-©B*3ffeSlige40ti:a, B^^-y K34^7t^ 

O^jliz-hA^^nSo SJtl{t^^-rSiSWiii^^40<O±tcBl/^c«^ 'n-v 
K34rt©^42*5 J;t>*U>vC44^: i:©^*^^^^ J: T^OfSs^r^ft, m*. 

,-y h*ya^i^^-30^*3V^T, *|gH^®46^fflL, RrtlttS: 

WfiJ-pi&So ^x^l/^-OSI^lc^ffl-r^^^. gt46**-y h=7-tL 

•y hS^-i:LT<£ffl-rsi§-&«. ^46^?g36i:B$^40i:OP^tci2B 
iff) £:LTIEMLTt><fc</\, ^l3-^K5 5-OMf^ onf7fc£*fLT 



(14) Wa^l 0-5 1 13 2 2 

ipf^SWC-m©^- h- t c «k »? , if til 7 -r /b2»*Ei*)3r-t»-fc 

o «»w«:4*ofc«>K:, «m«aft«©E#«, urns, sfei**n&©i5;& 

;t/^*WAkron£&£> Goodyear Tire and Rubber Co 5. A^T^ 5VITEL Bra 
nd 3000t3J:D : 3300*^»rfefcl->-r^o jESSBKfrfcoT^S*— r>&ft££ 
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t-rzi%®.mict>rc ?>5o% (swo .5) *«t-r^ c t#S£ u\ (*?mii© 

#£U/\, fffi©ff£L,t/^fi«Jf i:LT«\ 0fl*tf> 200ninO#lS<i»C*)fc»)¥ 

V fr^WM (400~700nm) CtaTc t) lOX^tD^jSiasp^Mf- £ 
OtO!bWt.nS„ I: Ll/^Itlli. 380~740nm©1lfigg£fc*>(3]0 



(16) 



aat«{tt-*«iii*^*jvi«^iHiT?ottiioafta:<r<t>-f*»Tfe*3gjc 

W\ )tf65£Sv«> «*fc-r***©0.l«-l.0fl5OlEHOJt*W 
3tKiR**/MBlc»*Sfci&K:, SUMO: 9«tMl<9RiR«n*iftfi^-f ©« 

i/^fiWBfW to* t) feafcVRiR#*J#o«: ire**, ow 

*kOB«j!(«, tt*0*(tt*lRl^60tt*OAI4ft»c*JW**aWB«!>E«*lft 



(17) «fa¥l 0-5 1 13 2 2 

« * 

-y h Lfto 



u —#«wfc9Mtt (z) « 7 j\si±mic mm?. mjsvyt&mtxMiszxfymc 

.R«f*#ffi©E#*tts A*fS<DKI&fcLTg{fcU «#tt«»fc»L/T.»p 

&W±. 1987J^lCNorth-Holland^?>mRg«nfc:R.M.A. Azzamti <fc tf N .M. Bashar 
TEllpsometry and Polarized LightJ <D*$L<PiZ.%E.W.ZtlT^2>o 
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1) rp„ = t\2t * nla Vfa 1 12 - no2sin2^ - n 1 z * n 1 o Vrn2z2 - no2sin291 

n2z * n2o V(nlz2 - no2sin26) + nl2 * nlo V(n2z2 - no2sin29) 

2) r„ = Vfnlo?-nQ?an29) - ^n?p? - nrtaiflQ) 

V(nlo2 - no2rin26) + V(n2o2 - no2sin26) 

— fSSJSflT^Cfcl^Tte. nlx=nly=nlo* v On2x = n2y = n2oT*fc5o 

— $M£B8TSi£;tfLT«\ Sl*<t^2tt, 01OT^2nfcx-zffi$fctiy-z 

x-zffiOftAlttttLT, 5£ 1 Tt±nlo=nlx*>On2o=n2x (pdfttCfcfLT) 
, S2T*ttnlo=nly*>On2o=n2y (sdttlCfcf LT) £&-3o y-z®<D^AI<ttM 

LT, SlT'tenlo=nlyfrOn2o=n2y (pdftfcttLT) , 5£2Tt±nlo=nlxfrOn 

2o=n2x (sdtttttLT) 
5£l*Jj:tf5£2tt» E»fA'ait>©Stt80x,y Cffifl) ^|pJ*J«fctfz^|R)0® 

«eoTnx=ny=nzT*^S«> nx, ny, *5<fctfnz©|li&£ «t 5 * *m©?£¥ 



(19) 
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o zS*T^ffiF«gS»r^<fc *) k'>Sl^i§£- (nz<nx*5 J: If ny) tt, ft©— MS® 

fcftlc, x»iRi*-ttaB»fWB©iiE#3EriSlfci:*. 

-•wtBSf » cm 

oT, HlO©S-JH02fc<fca : 104«:— «MtB#T*MU nlx=nly^3«tIfn2x=n2yT* 
*^Jffl»*T?©ittW©fc46t, ^102«S104±»3 t^C#*®F«3EST^W 
U £rax#A43£tfy£ftOiS£fcttLTiii> n2-e&*fcflB£*-*„ -$4S®St 
&ffiK®W¥tt*tttt« nizfe±lfniz©ffi*a{b*'ST, U-^;l/©iE*te 
«ft©^ESr*jSX-rsci:»cJ:»)SIS-p#ao i#>*v5*ja*T*©IH©B8«* 

-< /I/A©*"** h ;l/*«P*ff * c t «t o THHttaM«*M»Wfc W« LT t> J: 

©Mt$ij-r5ii:^Ai>fti:*3its ; &®#73(R]t}'aorc:¥i5Sja^a, 3o%*?s, » 

IqJtCjftorcSi* H/^^SiS^tix 0lJ;UflO%~5O%£if, ffig©fl* i: 9 , <1>* 
©fflJ^tfeJ:**^ g9AfflOOnin~450ninS:fc\ eSc©^JSH*3rf*t"P# 5o ift 
Sa^SC^UTfi, Rl^X^^ (400nm~700nni) tfrfcSttfc Aliffclfc 



(20) 
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3Sifi*fcJ\ «A»m«X^*h;l^l* (400n m -700nm) OW««ICtofc t) , Ztz 
im&X'*? MWH**P&iS**KW* («*tf, 400nm-850nm) fclfrfc D , «*. 

nx=ny=nz) DK&S©^ a2«»*BKC5i&RtffiS 0 SMBOfc 

KS"f"S 0 nlx=nly-i .75,. nlz=^&> n2x=ji2y=-1..50, Ji2z=SKO«t 9 £12 
ffcA6^. HHO**tt«Kfc»LTno=i.60i:-rSo 

^LT't^o nlztt»ffiW^n2zcfct>fe^#l/^*fettHL^ (nlz 

>n2z) o mnlCTjkZ t\T^Z>mm±. yWzmiftmm. -rftfc"5a)nlz=1.75, n 
2z=l .50 ; b)nlz=l .75, n2z = l .57 ; c)nlz=l .70. n2z= 1 .60 ; d)nlz=l .65, n 
2z=l .60 ; e)nl z =1 .61. n2z=l .60 ; f)nlz=l .60=n2z^^-T & $><DT%>Z> 0 n 
Iz 

5o ft«a— e^»»V>ftjeft#tt*<fcSo L**Lfttf6, nlz=n2z (ttffif) O 

o-nlo)/(n2o+nlo)^St>«o nlz=n2z<Dlfr&«\ — SS&*tt*<. "4" 

012&, nl Z 7b^^aW^Cn2zcfcO/J^^l^^fc^i^LO^^#OSM^AI^ft^ 



(21) #S*F1 0-5 1 13 2 2 

tC^5^^p{l7ttC»-r^CT^bT^oO> ^rOHii? : b)nlz=l .50, n2z=l .60 ; c 
)nl z =1 .55, n2z=l .60 ; d)nl z =1 .59. n2z=l .60 ; e)nlz=l .60=n.2z"e^^ 
o LLTfe, nlz=n2z (ftlge) * f<TO 

Hl3&Hli:fc e fcttiai2£llL;^&&7b\ ®*T*no=l .OOAftHKR (£$0 
fc3*-rSfe<0TSS o Hl30ftl9tt. /S#T$n2x=n2y = l .50, n2z= 1 .60"^^^ 
IE<D— IMfSfc. nlx = nly=1.75, nlz©ffitf±fr &T^O«ff ' a) 1 50 ; b) 1 

.55 ; c)i .59 ; d)i.60 ; f)i .61 ; g )i .65 ; h)i .70 ; i)i .75T^2nfc^<o^ffl*g 

-fe. BlU3j:tfBl2?^3MTft:J:?lC- nlzfcn2zOffi#— Brr**& (ffl»d) 

h*T £ £ 5 *SUOttiHfcfic So 
ffirtJB«*i:zttJB^*i:Qa^OoIfiiftli«*Hi4, His. *5<fctfHi6fc:^ 

&zBffi*#ffirt®ffi^fcSLi^o fe^W^^ont, ffirtBSrsfste— Sic 

HlK H12. 43£tfBl3fc:>tf^£±i£O0y*<. HUtSShTt^o ftftlO 
BJJt¥*»> **U #&2teIE<D^K#T (n2z«<KftBSr*ftflX.«) fcWTS 



(22) 
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nztfm-fi &-?#n i tfftoaHKsst s rooi^^st * „ tvi/- x * - 
jssf*\ *fei*iis&i:fejEoaja*f*#r««*-pfe 

#5, ~o©!E©*£MfTJf©iI-a-«, 0i6tc^*nfc-o©ft©1SJSST©«^i: 
X*- «<Mi*<}B5fcr*. 



(23) 
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nlx=1.88. nly=1.64, nlz = ^|SU n2x=1.65, n2y=^gL n2z=SSi: 
jCl^rffiffl-r^i:, Sff (xzffi) ^[Rj$fc«l^# (yz®) ^[RjO^^n^O 

51 .88-1 65=0.23fc^5 A£&E#r45S<D/c#>^ sd^£«LTl^tcA# 
£•< Offline *5l^T, -t^TCDXMmctiL. -O£0tt (V>t>i0S^f4) C 



(24) nmW- 10-511322 

££>70%, £D$?i:L £&90%£-f £Ci:#iIS: Lt\> 100nniO»«« 

iftoTSiJ^-rs) ©¥t§3SiS*«\ '>ft<fcfc5(H, »$L<ti*4< ££>70%, 

400nm~700nmT\ W«M *380nmfc-r£) tfe/ct}, 4>4-< £ fe50%^#$ L < ti 

«)tt?©¥«a3B*H:, 400nm— 700nm^^3V>T^4< fe50%. L < te'>& 

[ct>rc^rm^(D— ^<Dftm*rc&m&onmzi3vzm&m(D=:m i Pi% cms 



(25) 



^iH^-rSlirt? (400nm~700nnu £ /c«300nm(D?!ri£i]iI) t«LTt±. S 
ti25%*$t »$L<«15%*SS. «}:*?»SL<«5%*jS, Mt»SL<«3%*fS 



(26) 
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Jt^ifip-r * 2>T% . A ny/ A nx *5 ± A nz/ A nxOJt*T# & JEW/h* <t^Ci: 

3) ^LTl/>^> 0 fiftWi. RHSX^^h;l/« (400nra— 700nm) Kfrfc&ffiS 

nly=1.64, nlz=l .52, n2y=1.64, ^cttfn2z=l .63TfeS D c^^f^iif 
■»f>f Vtt, l/4j(ai»lC»bTli»JpyU-KT*t), «-»OJ»*ttdn=do+do( 

*<rr & 9 > *\k«s*5 «k tf5%o«wwiss*fiFO & © k l fc. 

—ft if, iQ— -e»ftO*ft0^fctfH**tl««*fc»bTtt, Wfe^gg^: 
«W» L T * n*«/hlBfc» * « c: k a S b t \ 

r;l^X#-^W«l*»*r*#a*aSrtB«f* (nly:fcJ;tfn2y) tC^«f^ 
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*«r»^S-&5a**8B^fcfeOTfcSo nlz= 1.5243 <t tfn2z= 1.63 (Anz=0. 
11) tCHLT, »*ffTpfi)t[C»LTyP7 hJntt^e -Tftto-fe, a)nly 
= n2y=1.64. b)nly=1.64. n2y=l .62, c)nly=l .64, n2y=1.66TfeS 0 ftSSa 
fciu fflrtBSf*3VWbt^»*OE»**^LTV^5 0 fixate, 0° fc*5V>TES* 
*<D»/JMfi**Tr£;&<* 20° &mz.Z>t&lC±¥l~?Z> 0 E&ltbte. nly>n2yTfe 
9, E»*tttL*K:±»-r*o nly<n2y©«£fcfflM^£ft«c«\ 38° fcfct* 

, n ly^n2yOt^ttsffl^»bTtl^aK:^*0OjEt*^ecSo 018£>ffi3Sa 

-dti. «/J^tf#«rT*J:3»c:-rste*fc, yHSf^O*Tn (nly 

n2y) ©«F*#2JBST*Oyn (nlz-n2z) IH tTttUtltf ft 6 ftl^t 

*g«t5o nly=n2y©»*fc:tt, s«ftfc*jr*E»*«:T^T©fc«K:*^ 

CfctfT*So nlztfn2zfcl^LA^§£\ JBttfAfct. ttJSfcbT, ilAlf^f □ 

i:Bii:j:3»cHfiWoin^ft (off -angle) *m*?z>ct. micztcmjivm 

ft-Tfcfcftfc CTftto^ nly=n2y*5cttfnlz=n2z) , l^frftSftftlC 

^nly«J:rfn2y»Cto^ft^n«jecS««C^tfaSLV^ C 5 bfe*Tnj± 
*iTV>&«fc3£. ^n^nOyJBST^SWPSftttW^S-ftSCfclcioTSI* 
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•tot, C-3 Lfc&A^fTS CktfT»#ao 

nlz=1.56JBJ:tfn22=1.60 (Anz=0.04) fcffi^U *OyB*T*s 
. a)nly=1.64. n2y=1.65. b)nly=l .64, n2y=l .63*JS^fc & 

©•mag 



»*«tmtLfctt**^ 017OWgbhlTyD7 hSnT0^So-Hl7Offl«b* 

£ 0 550nm^*5ttSftjab<O^5ajSfif^«. nly=1.64* nlz=1.56> n2y = l .65. n 
2z=l .60t?feS o 

H8t*S\ — O^JBSf^O-ms Ta*V&Anz*3«J:tf Any£LT£fc«>fco 

/D7h^ 0° -75° oa^rOA«ft*i5flESa*LK:6^Dv hSA^T^L^fe 
(OTS^o JB#T*«\ ^^atcWT^0.4XlO- 4 A^^F^jtC^-r^4.0XlO- 4 

tc»o ^-mic i: o ttflncfi-sfirr c * ****** t or-fe^o 
fot, -faffi®^osHoz®^o*n*S'>^^sc:k^<fcoT. *5 
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^t>, ffl«/s»«)Woffffi»!:fe*t*®KWK:j:oTmaoaiittffi**-rayfi 

*SE-r<li:*^fflS^&feSSo AR3— r-O^lis PEH*»#fc LfcflBfc? fc: 

^tLtti. asntzai .64©¥*sci£v^H»T**sraffltiBSf*«fi*»6ja 
**si/4jftfi03— fY^tfWsns (pEH*^fc-rs*m©**) „ 

±&©7*-»f w v*#n§^ftT, ffis©JBSr*©M«#»6ft* <fc a t»fti 
fe*fl=TT««-rntf» £«fc«a*m*«fliu *s«ofi£oT^i<«ssft 

■Aid:, iS^o^iiT'Sfig-rscirA^T-^So MX.tf, 7-r;l/A<DElRlf Sfett 
iEfii»03ffi# (flf9*tf, Si-f'Jv-^Sf) . J¥tU.(M*.tf. «»»«© 



(30) 



#a&tt»**<*«fc*tf3i:, tWAtf, #ijifl/vt7>b-h (PEN) 
SScfclf^OHtttt (0!l*.fcfs 2,6-, 1,4-, 1,5-, 2,7- s *5 £tf2 ,3-PEN) , #U 

-r v ttiux&iti) is— h . u tf ^yu-h, # y x^;i/* * *y 

(sps) , s/v^^^^y^tfy-o-^^i/X^uv, s/vs^*** 
fy*#yy*DDXfi/x cns©ffi*©#y X^UvfredcSntfy-^- 
ficfctf^UVF* -fe;l/D— XBKBf* x*-7lHz;l/P— X, 
Xs yotf*>K-b;l/P-x. IfflfcBlt-feJl/D— X. *«fctfxMD-fe;l/n— x) 

7yjRfbi^u>-^oi;uv3*y v-, #y :7*ft:if:=. yfx *><fctf#y 
^pphU7WDxfi/» N (ansfttfy-^— (wi^-tf, ^y^bif-y^v 

*5«fctf#yffl{Ll£x;l/) , #yxyi/*>, *'Jx-f;VX;I/*X #U7^'Ja 

xhy>k #yz5h\ s/'j3-y||», x#*->»bi. *y 

te£#SS&fc<Di:LTfcJ\ Wittf. PEN03#y"7— 2,6-, 1 .4-. 1.5 
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* • 

(a)fU7^;l/Stl<KMxf;k (b)-i'V7^;l/8feL<ttfW 
Xf;k (c)7*7l/Kfeb<tt^-oxx-r;l/. (d)7;^>^^-;k (e)v'* 
□ 7W^'J^;l/ (flJiUf. 5/*D^\**V^*y— ;W , (f) 

(0!l*lf* fl/7?;l/MtK.tt J f©xxf;bfc, (a)i-7 

-r/K (c)7^;l/^^L< te^O^Xx;^ (d)Z;I/^ v^y xi— ;K (e)>^p 
7;l/*>?U3-;l/ (ffO^frf. S/^o^s**^^*/— ;l» , (f)^ 

tf, x^b>-7^^x>3^U7-^D'xfu>-7^';p-huw#y 

>^l«^t5^'Jv-T'S!), frOffi^j£#tfPET. PEN, SftttcoPENft^ 

cDffio^ u xxf;i/$ u h Tft ntf a £ 

fi«?0»^OWJc»Sbv^«Offi'&^:i:LTt±, PEN/co-PEN, #yai^U> 
fU7^l/-h (PET) /co-PEN. PEN/sPS, PET/sPS, PEN/Eastar. *5 <fc tfPET/Ea 
star^frf^nSo fc/cU Tco-PENJ £ U> i?ti>Vtf>Wt%mtt t? 

53#ij7-^^iyi/yKTfcO (±j£L/c31t)) . Eastarte, Eastman Chem 
ica 1 Co 6 rfJ |g ^ tlT ^ S # U 5/ ^ D >^fl/Vf l/7^b-ht^ 

a<0«'&OW(C»SLV>JB©ffl'fr^i:LTtt, PET/Ecdek PEN/Ecde K PEN/sP 
S. PEN/THV, PEN/co-PET N fccfctfPET/sPStfPtf £>*l£ 0 fc/cU Tco-PETJ 



(32) 



» EcdeUi, Eastman Chemical Co .A^ffigg^nT^S^Rl^tttf U IXf;H' 
THVfi, 3M Co.frZTtimZtlT^ZyjUXuXV^— T'&Zo 

o 

** Jlf^lRjfC^LT 1:2*^1: 10 (<t 0»S L< {±1 :3ft»&l :7) OfflSfflfcU 
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• , m 

M#7i f^Cffit&^ft^tt LTttl:0 .5fr :10 K> b < i± 1 :0 .5fr 6 1 :7 

Boese etal., J. Polym. Sci. : Part B, 30 : 1321 (1992) fcEtttffe* 
) fe*tf»Sflfl«raWkd«^*rt-**S«» («*tf, Zang et. al.. Appl. Ph 
ys. Letters, 59 :823(1991)lCEtttf&S) LTf¥«*S C 

SWSO^ S»*ttlfr6»i**3K^fc««c«Fb^ (R=l-T) o 
UttMi • — -- - 

PEN^^tf^^^U— h70/-rU7^U-h303#UxXx;l/ (coPEN) « 

LT^Stlfto PEN*5*tfcoPENOV^tlOHWttfi[fe. SScfc^O .6d 

o PEN4oJ:t/coPENO¥-S^>r;l/A^WL. **c;6J:*i5orfcfcv»T»>f H 
*MLT-*8# Lfc 0 J¥a*nfe*SOtt»-e«:, PEWtt»l .65©«*ttH 
W*IL, co-PEMtt»i.64O^WB»*lcJ:019«t3W6titeo 92fWfctt 

PE»OB»f*«:fe<t*i .88*T*4nLfco «&iaol*li:H-r*B»f*ttt>"i'^K: 

{gTLTl .64lCftofc 0 ffi#Jt5:n»OBff», coPEO-f M^DSSf?^ *5cfc 

5lXPyh7-f-K7D7* (feed block) *JBV\ «tpW*J¥Ui^ 
fc«!6LTI^¥ffi*:fT'5 c * PENfeJ:tfcoPEN05ES«^6J5E«a£-r 
^**Jl«31»*ffHLfco COjfttUi* ***295rT!5-3fco PENti^cfc^-23 
lb/hrT'WtBU coPENtt*5^^-22.3 lb/hrT}f di Lfco PENX*V/fte> £r*tH2 
nfc7w';l/AaJirtC)H©i3«fc J £-HflSO/P^T*orco -f^T<Drt/I3\ &J1300 
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*«CK LT— MS#*fToteo i»?tl/c7^ ;l/AttJP«*M5.fc*0 .0005-T >^ 

0 5 tt, E(373 ft 50fc £#$73^520^^ 

C ©408fflO«*«Fa^S ^ 7T6 0 h E[RJ7JfRl5443irf«f75[Rl56©M^fc: 
*t"f £>350nm— 1 .8Q0nmfc:*tt SJgjS^^-- > h ^Ltl/^ 0 

^fig^J 1 TaS^fc £ 5 1£ , 51Xa^h7-r — K^o^* + TPENfc £ tfcoPENO 
J¥fcti*fTt\ —S^U>^V;l/^y^^-^- (multiplier) 

U C(Dl/2i|BO«En*SV^fite'&to-ii:So *H<tfflFS3 .565 ,985-^Cte 

^SfflLT, 43^*295^:^*51/^22.5 lb/hr7?}f a*fft\ —73. S^ftfeftO .6 
0 dl/g<DcoPEM±16.5 lb/hrT'iaSL/Co h £x:7fcj\ JP£ #££*() .003 

«J*LT«**fRlfc5:10JtT-«ffi#*fTofcp X *T^TOJl*f 
tf, 550nnJttfc»LTl/2««OJtt*W»« £ <fc 5 ^X^V > L 

fco [^7<d^x^ WMc&i^t. EiR375rrp]60Ozioo^tf— ^te, cos 
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IftblSfe J: * * z h lit JSlffl? ;l/A^M<D*SST*$.S pj^tt 
C 5 LfcC SS&a, ^^l/A^Jgc'tfcg&S&fiT-^V^Atkf 

t > h <£ t> < -T £ c i:#T*# 3 0 
^f;i/ttfK <fe f? ^£ n/to 

Hfi£0lj3 (PET :Ecde 1, 60K ^) 
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|W|WJ¥m7-f;l/ix*ffl!!L^. -#©J¥ffi«T\ ®*fttS0.6 di/g (60Sfi%O 
7x/- ;l//40M«%OS?*na^>*» ©*»Jxf l/>f U7*U-h (PET 

) *«B#75#>K©Sfi"KXaJU ffi^O^m^T, Ecdel 9966 (Eastman Chem 

icai^8mi5^nTo>^^pjMttx^xh^-) *«fiF65#vF©asn?2£ajL, 

/Co PET*^*VB±J«:IBHLfco 7^-K7p7*S (flUfcf. *H»Wa3.8 
^iiLT60l«Oflai1*l*^Sbfco *^t#ff3l3.565.985^Cte 
LT***rtK^x^*«#LT«#lt*»3.64:bfc. »^T. &J235* FST 

^^b/co ftfi60° fc*»*p«}ttK:»-rs3Kil% (Attb) te> MAWfcfett 
£{1 (Afta) fc«<HLTV>fc Qg&i/y 

ittS^fiofcfcCS* B6<«*ttW»<P6*«Mearl Corporation!!!© 7 

OfST^bfc (ftglb, SEA»K:»^5a»afcJttlte*i*) 0 
*8£#J4 (PET:Ecdek 15K ^) 

7 xy-^OlTO^ * n n^>-t?» ^'JxfUyfU7^L/-h (PET 
) fc«P#75#>F©51STi£mU (K^}fffiit, Ecdel 9966 (Eastman Chem 

icai^6mBE^nri^s3»Rrsattx5xhv-) *«B$65#>K©asr«£ffiL 

fee PET^X^^SX^iSBLfco 7*— K7ay*a*tefflLT151JB*JEJ«2 
^fto ^x^SiS[^^210 o FICbT«S*rRl»i: i >xy*Jt#LTB#Jt*»3.5 



(37) 
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tLtCo ffi^T. ^215° F£?m2®m7<<)\'2*&^ffibn%kl,s «»*<J25%<03i 
fiT*«^|q]K:SftUT®ffJt*»4.oi:Lfco 3Mc, 400° FOJBWfk*— 

ffl*gb) fcL SttAWKifettSfit (Atta) fcMHLT^fctf* ttlS/7h*tf5 

Htt095 (PEN :Ecde U 225, M) 

SSft^&c hlc^oT. 225«*#tr|p|fiFl¥ai7>r;l/A*ftHUfco -Jofl 
ffi«T\ H^ttfio.s di/g (60l»O7i/-;i//40l»o^>DD^y*y 

) o#yxfl/>t7?l/-h (PEN) *«^Fl85j?>FOafiT2SffiU ft&£© 
Wta»T, Ecdel 9966 (Eastman Chem ica Ifr 8 rfrB^nTl^Sjft^ffitx^X F 
V— ) *«Bfl7#>F©ilfiTi£flJLfco PEN*X*VJB±K:IEBbfto — 

T225»<OJ¥ttH43«:^li!b/co C^tXh^x7^12^;K <Bi2-f>*-e 

BlftfcHE<*"rao 7.46cmO^O I >x^*5lOO a CT^ffatc5t«L> 60»7?130 
TCS-eiPSftUfco 3»C, 100%/sec (fefc(DTfa*»P»c) TB#*IM*U »3 . 

H25tt, C^i7Y;VA07tl/X#yX^LTI/>l) (fittASJfctt LTtt 
ffi*§a, 60*fc»LTttft»b*%ltS;-rS) o ftfi60° fcWJSpflBttfcJW £i§ 

fr>7h*#5) o 
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H*(SM6 (PEN :THV 500, 449, SO 

EiftS-escfcfc.fcoT. 44Mi**trni*lfB7-ril/i»*fMILft. -#<D# 
ffiffiT. H^TttgO .53 d 1/g (60Bfl%O7xy— ;l//40fi»OS^*na^>-lf 
» ©*'JXfl/>t7*l/-h (PEN) *«*56*VF©5*ttT3ailHL. ffc^ 
T 

HV 500 (Minnesota Mining and Manufacturing Company ^BA^RTft6^:!7;l/^-n 
#'Jv-) *«B#n#y F©3Sft^2Sffibfco PEN*X*>Jl±fc:EHU — o 
OX^>^fp^50%OPEN^^^:fc o 7 F7o ^ LT57H*JBfiK 
cn^H^O^;l/^y^^^-^SLT449^0ffffi%^^bfc 0 C(D 

**XF»>x:/ttJP*205;l/* v^Tfeofco com. 
x7*ifoioot:T&#«te3fc*u 60#Ti40°c$T'ia^bfc o 10%/sec ( 

(PEN;CoPEN. 449«tt«feflDl6?) 

KlPlS-eSCfcKcfcoT, 449»*dUBIftffHl7-r;l/i**flF«bfto — *Ojf 
a«T\ ^^40.56 dl/g (60fifi%O^xy--;l//40M%CD> ? ^np^>-tf 

» o*«jxfi/yf7>i^-h (pen) **i»43#vFoaa[T?asaL. ffe# 

OflfflfflT, S3¥*£g0.52 (6oaS%0^x/~;l//40SS%0> ? ^nD-<v-tf> 
) OCoPEN (70 : &;lx%O2.6 NDC*5«ttj : 30^e;WCDDMT) *«^253pVFOiaSTSI 
mb/Co PEN*X*VH±^EHL, ~O©X*Vjl^£40%©PEN£#3;^fCa 
7*-F7n?*ffi*«JBLT57JB*«ja*«, Ch*=^;l/fy5^+- 
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\CM LT449«<0}? ttityZft 



WlLtZo CCD** XhV jL7ltmZ 10^ M Hl2-r>^T^ofCo C(Dll H§& 
ijP&Lfco *IC, 10%/sec (£>h0^j£*S3iHC) U ^5.5X1$ 

aaaW^WfeUfcl/^C h^aS^nfcl/^o 400nm— 700nm^t>/c:SflieaO¥^S 
i®^te87.1%Tfe?K — S\ 400nm— 700nm^t>^:*ft«b<D¥^aa*«97.1%T 

Tfc3 0 £fc, fl»cT^£ft*«fc5k:Rj«»i* (400nm— 700iud) KlfcV^Tffiff 

til .4%TfeS 0 

^fi£0j8 (PEN:CoPEN. e01--aS»ft«JW L ) 



0.5 di/g (60SM%O7xy— ;I//40Sa%O^*aa^>-g» ©#iJifl/> 
^-y^U-h (PEN) *»B»75#VK©a»»T3StaU fWOffffiiT, Blfftt 
.55 dl/g (60afi%O7xy— ;l//40fia%OS/*aa-^>4f» 0DIV£SBf6 



(40) 



ffifflLTl5UI*JBlS2-&> cn*-^<Dv;l/^y^><^-U:ilLT60lJiOjfm 
ftfcftOKLfco #B«FB«3.565.985*t*c:tt* SfWOfWlBf Jf ffl^l/^^-r^- 
^fEK^tlTl/^o ffitt«^T(Sffl«T^ofco «280' FST?tt20»IHr7-r 

460° F^gg^^nrc^{b^-7>*T7>r;i/AOS^o*52%togft 

fcJC-aa^nfcl/V 400nn— 70GnmtCt>fcSfiS|feO^aifl*«84.1%Tfet>. — 

400nio— 700nmU:3bfcSftJSbO¥lSaia**468.2%TS«o ft^c^^Sal 
*tt9.1%-p»*o ft«aJCW-rS»feRMS%l4l.4%T*feO, tt«bfcl*trS»feRMS% 
t±11.2%T&So 
Hffi0!l9 (PET CoPEN, 449, 

7*— hot m Lfca, nmm y * &lm» m&m^xy ^ 

EiSi^5c:i:fc:«koT, 449Jl*-&trPB#J? ffl:7>r;l/A*ft®Lfco — ^<D}¥ 

m$tT\ @*5ffiSo.6o di/g (6oma%o7oiy--;i// / 4oafl%o> ? ^op^>-^ 
^u-h (pet) *ft«F26^>Ko5afiT2iaL. fft^owmaT, s^ttso.s 

3 (60Ba%O7xy— ;b/40Ma%^^^Cin^>-lf>) <DCoPEN (70^;1/%<D2 ,6 
ffl)CfcJ:tf30*;l/%©DMT) **«24#> KOSgTiHttJ bfc c PET*X*>Jf± 

^^^■V--K:jlLT449HO»ai«a^HbfCo #B^IfS3.565.985*ffc«\ 
Efil**fco h «7^iffl LT^07^ ;l/Afr^ffi}$L 
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«r»?I100rTBffaK:^BRb. 60©T*120 < C^T*ta^Lfc o 10%/sec (fcfc 

<D\t-?i£g2p£) T?®fa*BB*&U »5.0xi$7*-9->y;l/«rSl*Lfc o ffiffitft 

CtlC&St£tl1t\i\ 400nn— 700nmklt>fc«ffl*aO¥^aiS*«88.0%"t?fe9. 
Sfc400nm~700nmJCJbfcSffl»bO¥i^38iia*tt91 .2%Tfc5 o --400nnr~ 700nmJJUb 
fc5fflSc©¥i3Sifi¥l±27 .»T?6So ft«afcI» , r*»feRUS%ttl .4%Tfe0s 
ffl^btC*tT£SfeRMS%t±4 .8%Tfe£o 
HfigffllO (PEN:CoPEN, 601, fflJt?) 

ra»jfa7-f;i/i*«f¥«bfto —j5<D»mmx\ di/g (eofia% 

co ^ x y — ;l/+40f[fi%£> iy^/ua^y^ » otf'Jx^-uv-j-^u— h (pen 
) *«H»75#>KOaUtT38tBL^ HKr©ffB«T, C6PHI*«B»65#>F-fiJS 
mbfco coPENte, 70*;UO2 .6-^-7* 15%£> 

£-£/co C07^-K7D7>tt, ^HOJP^OJt^PEN^3*LT1.22*fccoP 
ENfcWLTttl .22£ * 5 ft»*«!E*W-r SJH«rfPH-r 3 ICxIf-Y >2 

ffiLfco «^8W*— feoa3RLfc^;l/^^-f ^--^fflo^T^fiffc (multiply 

) LfCo COTAf^^ ©iiffr^Mffc* (multiplication ratio) * 
tl^ftll .2*5*1*1 .27T*£oifco i^tx #3310° F * T?«40»H7-r 
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CtlC&mZtirz^ (80%~100%) o Sfc. fflScT^*n««fc^tCRl«€B« (40 
0nm-700nn) fc*t^TttfWlftfc(i*Snfc«OM}W*W1irfc*t^C £ 
g^tlfcl^o fB3t*«. 500nm^6650nmOfflTttlOO%k:jfil/>o 

HfifiBUll (PEN:sPS, 48k ffljt^) 
-- 60fig%O7xy-^;l'^3«J:tfEastman GhamicalsA^KA-L/t^fiS*©^^ D - 

(pen) ^ff^t^^'y^'jxfi/v (sps) t^yv- caa^ 

^^■ = 200.000H;l/h>. Dow Corporation^8*9->^A^) fr6481Jl<D^ 
JB:7*/W**fESLfco PEN*tt«±fcBE«LT»B#26#VKT#mU sPS^rS 
B#23^VFTj¥tfcJL^o :7-r — K^D^^^fflbT6lS^)3cL, d06lB^ 
J £-ti ; Fti«ffrai:jP^fc:4*«fe3fc:bfco 7^-K7a^m Hp (2x) 

7oy*fc««eLfcfe©fcHi;PEN*^^ 

OU^y?- (0.276mm) £ Ufco J? &W&te290°CT* $>iTc 0 

o £J320° F (160°C) ^T^25#F^^^;l/A^<liD?ab. AHM&28 
«*lRjfcffi#LTffi#Jt**ll6:lfcLfco J£#:frft©«ftttfTfrftfrofco tt± 
^O^^^l/AIP^^JO .0018-0'^ (0.0046mm) T*&o7c 0 
"H3H4, 481^^t?COPEN:sPSR»(S^?0^ttHB^LTV^So ffl^a 
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